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ORGANIC ELECTROLUMINESCENT LIGHT
EMITTING DEVICES

TECHNICAL FIELD

The present invention relates generally to an organic
electroluminescent light emitting device (which will here-
inafter be often called an organic EL device for short) using
an organic compound, and more particularly to an cathode
for feeding electrons to a light emitting layer.

BACKGROUND TECHNIQUE

In recent years, organic EL devices have been under
intensive 1nvestigation. One such organic EL device basi-
cally includes a transparent electrode (anode) of tin-doped
indium oxide (ITO), etc. A thin film 1s formed on the
transparent electrode by evaporating a hole transporting
material such as tetraphenyldiamine (TPD). A light emitting
layer of a fluorescent material such as an aluminum quino-
linol complex (Alg®) is deposited on the hole transporting
thin film. An electrode (cathode) is formed thereon from a
metal having a low work function such as magnesium or
Mg. This organic EL device attracts attentions because 1t can
achieve a very high luminance ranging from several hun-
dreds to tens of thousands cd/m” with a voltage of approxi-
mately 10 volts.

A cathode considered to be etfective for such organic EL
devices 1s made up of a material capable of injecting more
clectrons 1nto the light emitting layer. In other words, the
lower the work function of a material, the more suitable 1s

the material as the cathode. Various materials having a low
work function are available. For instance, the materials

which are used as the cathodes of organic EL devices
generally include MgAg, and AlL1 disclosed in JP-A
4-233194. The reason 1s that the production process for
organic EL devices relies mainly upon evaporation making
use of resistance heating, and so the evaporation source used
therewith 1s as a matter of course limited to one having a
high vapor pressure at low temperatures. A cathode pro-
duced by such an evaporation process making use of resis-
tance heating 1s poor 1n 1ts adhesion to the interface between
the cathode and the organic layer. Consequently, non-light
emitting spots called dark spots occur on pixels just after
production. The dark spots become large as the device 1s
driven, and so become a leading factor that governs the
service life of the device.

The aforesaid JP-A 4-233194 describes that alkali earth
metals, and rare earth metals having a low work function are
suitable for cathodes, and adds that alkali metals are
excluded from electrode materials because they are too
unstable for use as electrodes.

On the other hand, JP-A 4-212287 discloses that relatively
stable alloys comprising alkali metal elements and other
metals and having a low work function are usable as
cathodes. More specifically, the cathode alloys disclosed
theremn are composed mainly of alkali metal elements such
as L1, Na, and K, and more stable other metals such as Mg,
Al, In, Sn, Zn, Ag, and Zr. Here, the alkali metal elements
such as L1, Na, and K are stabilized by alloying with more
stable metals such as Mg, Al, In, Sn, Zn, Ag, and Zr.
However, the examples given therein reveal that alloying 1s
carried out by co-evaporation. It 1s thus believed that the
aforesaid stabilizing metals, too, are limited from the stand-
point of vapor pressure. Furthermore, the organic EL ele-
ment set forth therein fails to solve the aforesaid problem
because the constituting films are all formed by evaporation.

SUMMARY OF THE INVENTION

It 1s therefore an object of the invention to achieve an
organic EL device comprising a cathode which 1s improved
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in terms of its interfacial adhesion to an organic layer and
clectron 1njection efficiency, and so makes a contribution to
improvements 1n light emission properties and causes less
damage to the organic layer, and which reduces the occur-
rence of dark spots and suffers from little or no degradation
of performance.

Such an object 1s achieved by the inventions defined
below as (1) to (9).
(1) An organic EL device comprising a film form of

cathode prepared by a sputtering technique, and formed of
an alloy of sodium and/or potassium.

(2) The organic EL device according to (1), wherein said
cathode has a concentration gradient in a thickness-wise
direction thereof, said concentration gradient having a
higher concentration of sodium and/or potassium on an
interface side between said cathode and an organic layer.

(3) The organic EL device according to (1) or (2), wherein
salid cathode further comprises an aluminum alloy layer
composed mainly of aluminum on a side thereof that 1s not
opposite to said interface between said cathode and an
organic layer.

(4) The organic EL device according to any one of (1) to
(3), wherein said alloy i1s an alloy of sodium and/or potas-
stum with at least one element selected from a group
consisting of a transition metal element, aluminum, gallium,
mmdmum, and titanium.

(5) The organic EL device according to any one of (1) to
(4), wherein said transition metal element is chromium, iron,
cobalt, nickel, copper, zinc, rubidium, niobium,
molybdenum, ruthenium, rhodium, palladium, silver,
lanthanum, tantalum, tungsten, rhenium, osmium, iridium,
platinum, gold, polonium, and thorium.

(6) The organic EL device according to any one of (3) to
(5), wherein said aluminum alloy layer having an aluminum

content of at least 8O at %.

(7) Amethod of fabricating an organic EL device, wherein
a film form of cathode as recited in any one of (1) to (6) is
prepared by a sputtering technique under a film forming
condition where a product of a film forming gas pressure and
a substrate-to-target distance 1s 20 to 65 Pa.cm.

(8) The method according to (7), wherein at least one gas
selected from a group consisting of argon, krypton, and
xenon 15 used as a film forming gas.

(9) The method according to (7) or (8), wherein said
sputtering technique 1s a DC sputtering process.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features, and advantages of
the 1nvention will be better understood from the following
description taken in conjunction with the accompanying
drawing.

FIG. 1 1s a general schematic illustration of one exem-
plary embodiment of the organic EL device according to the
invention.

DETAILED DESCRIPTION OF THE
INVENTION

Some preferred embodiments of the invention will now be
explamned at great length.

The organic EL device of the invention comprises a film
form of cathode prepared by a sputtering technique and
formed of an alloy of sodium and/or potassium with other
stable metal or metals.

In the cathode film formed by the sputtering technique,
the atoms or atom groups upon sputtering have a Kinetic
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energy relatively higher than those on an evaporation
technique, so that the adhesion of the cathode film to the
organic layer at their interface 1s improved due to a surface
migration effect. In addition, an oxide layer can be removed
in vacuum from the surface of the sputtering target by
pre-sputtering, or moisture and oxygen can be also removed
from the organic layer interface, on which they are adsorbed,
by reverse sputtering to form a clean electrode-organic layer
interface or a clean electrode, so that organic EL devices of
high quality can be produced. It 1s also acceptable to use a
mixture of materials having largely varying vapor pressures
as the target, because there 1s only slight a deviation of the
composition of the resultant film from the target composi-
tion. The sputtering technique 1s additionally advantageous
over the evaporation technique in terms of uniform film
thickness and quality as well as productivity, because 1t 1s
unnecessary to feed the raw material over an extended
period of time.

The optimum content of sodium and/or potassium form-
ing the cathode may be determined depending on the stable
metal to be combined therewith. However, the content of
sodium and/or potassium 1is 1n the range of preferably 0.1 to
99 at %, and more preferably 1 to 60 at %, especially 1 to
30 at % although the 1nvention i1s not limited thereto. Too
much sodium and/or potassium elements are not desired
because the stability of the cathode becomes worse, while
too little 1s again not desired because the advantages of the
invention are unachievable. If the cathode can be made up
of sodium and/or potassium elements alone, it 1s then
possible to make the work function lowest. However, since
the sodium and/or potassium elements are extremely reac-
tive and, hence, unstable materials, it 1s preferable to mix
them with relatively stable other metal for stabilization. For
the metal to be mixed with the sodium and/or potassium
clements, use may be made of at least one selected from the
group consisting of a transition metal elements, aluminum or
Al, gallium or Ga, indium or In, and titanium or Ti, all being
well conductive and relatively stable in the air, or an alloy
of these metals. Among the transition metal elements, it 1s
particularly preferable to use chromium or Cr, 1ron or Fe,
cobalt or Co, nickel or Ni, copper or Cu, zinc or Zn,
rubidium or Rb, niobium or Nb, molybdenum or Mo,
ruthenium or Ru, rhodium or Rh, palladium or Pd, silver or
Ag, lanthanum or La, tantalum or Ta, tungsten or W,
rhentum or Re, osmium or Os, 1ridium or Ir, platinum or Pt,
oold or Au, polontum or Po, and thorium or Th, all being
relatively well conductive. When these alloys are used, the
alloying elements may be mixed together at any desired
rat1o. Stable compounds, too, may be used if their conduc-
fivity 1s equivalent to those of pure metals. The stable
compounds, for instance, include IrO,, MoO,, NbO, Os0O.,,

ReO,, ReO,, and RuO,.

It 1s to be noted that 1n addition to these stable metals, the
cathode may contain about 1 to 80 at % of tin or Sn, silicon
or S1, lead or Pb, germanium or Ge, efc.

The cathode formed may have a concentration gradient
proflle wherein the concentration of Na and/or K elements
varies 1n such a thickness-wise direction that a good many
of Na and/or K elements are present on the interface between
the electrode and the organic layer contiguous thereto while
a good many of stable metal elements are present on the
opposite surface. By imparting such a concentration gradient
across the cathode, the Na and/or K elements having a low
work function can be present at a high concentration to the
clectrode-organic layer interface that 1s required to have a
function of injecting electrons, while the Na and/or K
clements of high reactivity can be present at a low concen-
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tration to the opposite surface that i1s likely to come 1n
contact with the air, etc. It 1s thus possible to achieve an
cathode having increased stability while high electron injec-
fion efficiency 1s maintained. To 1mpart a concentration
oradient of the Na and/or K elements across the cathode 1s
casily achieved by the simultaneous use of a mixed sput-
tering target of a stable metal and Na and/or K elements, and
a stable metal target while the respective film formation rates
are placed under appropriate control. Here, let Co represent
the concentration of Na and/or K across at least a sectional
portion of the cathode extending from the interface of the
cathode and the side of the organic layer not opposite thereto
to the position corresponding to one-third of the cathode
thickness and Ci denote the concentration of Na and/or K
across at least a sectional portion of the cathode extending,
from the organic layer-cathode interface to the position
corresponding to one-third of the cathode thickness. In the
invention, 1t 1s preferred that the cathode has a concentration
ogradient 1n the Co/C1 range of 0.5 or lower, and especially
10~ to 0.4. Such a concentration gradient, for instance, may
be confirmed by using suitable means such as Auger spec-
troscopy while carrying out 1on etching.

Instead of such a continuous concentration gradient, a
non-continuous (stepwise) concentration gradient may also
be 1imparted across the cathode 1n such a way that a film
having a varying proportion of the Na and K elements 1s
formed. Alternatively, a stable metal layer may be laminated
on the mixed layer. For the metal layer to be laminated, it 1s
preferable to use an aluminum compound that 1s of good
conductivity and 1s allowed to exist relatively stably even in
the air. Preferably in this case, the mixed layer has a
thickness of the order of 5 to 80 nm while the stable metal
layer has a thickness of the order of 100 to 300 nm.

The aluminum compound to be laminated on the aforesaid
mixed layer has an additional effect on keeping the electrical
resistance of the cathode low, and 1s preferably composed
mainly of aluminum having considerably low electrical
resistance with an Al content of at least 80 at %, and
especially 85 to 99 at %. The metal layer to be laminated 1s
not limited to the aluminum compound, and so the alumi-
num compound may be replaced by a stable metal that 1s of
low resistance and stable 1n the air, etc.

When the cathode 1n a film form 1s formed by sputtering,
it 1s preferable to use for the sputtering gas argon or Ar,
krypton or Kr or xenon or Xe or a mixture containing at least
one of these gases. More preferably, the cathode 1s formed
by DC sputtering under a film forming condition where the
product of the film forming gas pressure and the substrate-
to-target distance should be 1n the range of 20 to 65 Pa.cm.

For the sputtering gas, inert gases used with ordinary
sputtering systems can be used. For reactive sputtering,
reactive gases such as N,, H,, O,, C,H, and NH; may be
used 1n addition to these gases. However, preference 1s given
to any one of Ar, Kr and Xe or a mixed gas containing at
least one of these gases. These gases are preferable due to
their inertness and relatively large atomic weight. It 1s
particularly preferable to use Ar, Kr, and Xe alone. When the
Ar, Kr or Xe gas 1s used, sputtered atoms impinge repeatedly
on the gas 1n the process of reaching the substrate, and arrive
at the substrate while their kinetic energy 1s diminished.
Such sputtered atoms with diminished kinetic energy cause
less physical damage to an organic EL structure. It 1s also
preferable to use a mixed gas containing at least one of Ar,
Kr and Xe. When such a mixed gas 1s used, Ar, Kr, and Xe
acts as a main sputtering gas provided that the sum of partial
pressures of Ar, Kr and Xe 1s at least 50%. By using at least
one of Ar, Kr and Xe 1n combination with any desired gas,
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it 1s thus possible to carry out reactive sputtering while the
aforesaid advantages are maintained.

When any one of Ar, Kr and Xe 1s used as a main
sputtering gas for the sputtering gas, 1t 1s preferable that the
product of the sputtering gas pressure and the aforesaid
substrate-to-target distance 1s 1n the following respective
ranges:

25 to 55 Pa.cm, especially 30 to 50 Pa.cm for Ar
20 to 50 Pa.cm, especially 25 to 45 Pa.cm for Kr

20 to 50 Pa.cm, especially 20 to 40 Pa.cm for Xe
Under these conditions, favorable results are obtainable
irrespective of what gas 1s used for sputtering. However, it
1s most preferable to use Ar.

In the practice of the 1nvention, it 1s possible to use an RF
sputtering process using an RF power source or the like as
the sputtering technique. In view of less damage to an
organic EL device structure, however, 1t 1s preferable to use
a DC sputtering process. Power for operating a DC sputter-
ing system is in the range of preferably 0.1 to 4 W/cm?, and
especially 0.5 to 1 W/cm”. The film forming rate is prefer-
ably 1n the range of 5 to 100 nm/min., and especially 10 to
50 nm/min.

The thin film cathode may have at least a certain thickness
enough for the 1mjection of electrons, e.g., of at least 50 nm,
and preferably at least 100 nm. Thus, a film thickness of the
order of 100 to 500 nm 1s usually preferable although there
1s no upper limit thereon.

The organic EL device of the invention may be provided
with a protective layer comprising at least one of the oxide,
nitride and carbide of the constituting material for the
cathode while making use of such reactive sputtering as
mentioned above. In this case, 1t 1s to be noted that the raw
material for the protective layer has usually the same com-
position as that of the cathode material, although 1t may have
somewhat different compositions or 1t may be free of one or
more components of that material. Thus, it 1s possible to
form the protective film continuously from the cathode by
using the same material as the cathode material for the
protective layer.

In the invention, the oxygen content of the oxide, the
nitrogen content of the nitride, and the carbon content of the
carbide may deviate more or less from the stoichiometric
composition, or they may be 0.5 to 2 times as large as the
stoichiometric composition.

Preferably, the same material as the cathode material, in
a sintered form, 1s used for the target, and O,, CO or the like
1s used as the reactive gas for oxide formation, N,, NH,, NO,
NO,, N,O or the like 1s used as the reactive gas for nitride
formation, and CH,, C,H,, C,H, or the like 1s used as the
reactive gas for carbide formation. These reactive gases may
be used alone or in combination of two or more.

The protective layer may have at least a certain thickness
enough to ensure prevention of penetration of moisture,
oxygen or organic solvents, and so may have a thickness 1n
the range of preferably at least 50 nm, more preferably at
least 100 nm, and most preferably 100 to 1,000 nm.

Preferably but not exclusively, the total thickness of the
cathode plus the protective layer 1s usually of the order of
100 to 1,000 nm.

By the provision of such a protective layer, it 1s possible
to prevention oxidation or the like of the cathode and so
drive the organic EL device stably over an extended period
of time.

The organic EL device produced according to the inven-
fion comprises a substrate, an anode provided on the sub-
strate and a cathode provided thereon, and further includes
at least one charge transporting layer and at least one light
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emitting layer between these electrodes as well as a protec-
five layer 1n the form of the uppermost layer. In this regard,
it 15 to be noted that the charge transporting layer may be
dispensed with. In the mvention, the cathode 1n a film form
1s made up of a metal, compound or alloy having a low work
function by the sputtering technique as already noted, and
the anode 1n a film form 1s constructed of tin-doped indium
oxide (ITO), zinc-doped indium oxide (IZO), ZnO, SnO.,
In,O, or the like by the sputtering technique.

A representative embodiment of the organic EL device
produced according to the invention is shown 1n FIG. 1. An
EL device as shown 1n FIG. 1 comprises a substrate 21, and
an anode 22, a hole injecting and transporting layer 23, a
light emitting and electron injecting/transporting layer 24, a
cathode 25 and a protective layer 26 formed on the substrate
in the described order.

The organic EL device of the mvention 1s not limited to
the structures 1llustrated, and so may have various structures.
For instance, the light emitting layer may be provided in a
single layer form and between this light emitting layer and
the cathode there may be interleaved an electron 1njecting
and transporting layer. If required, the hole imjecting and
transporting layer 23 may be mixed with the light emitting
layer.

The cathode 1n a film form may be formed as mentioned
above, the light emitting layer and other organic layers in
film forms may be formed as by vacuum evaporation, and
the anode 1n a film form may be formed as by evaporation
or sputtering. If required, these films can be each patterned
by mask evaporation or film formation followed by etching
or the like, so that a desired light emitting pattern can be
obtained. If the substrate 1s made up of thin film transistors
(TFT), the respective films are then formed according to the
TFT pattern for the immediate formation of a display or
drive pattern.

If required, the aforesaid protective layer and/or an addi-
tional protective layer may be formed after electrode for-
mation. This additional protective layer may be formed of a
metal material such as Al, an mnorganic material such as S10_
or an organic material such as Teflon. The protective layer
may be either transparent or opaque, and has generally a
thickness of the order of 50 to 1,200 nm. The protective layer
may be formed either by the aforesaid reactive sputtering
process or conventional processes such as general
sputtering, evaporation or like other processes.

In the practice of the invention, it 1s preferred to form a
scaling layer on the device 1n order to prevent oxidation of
the organic and electrode layers. The secaling layer for
preventing penetration of moisture may be formed by bond-
ing scaling plates such as glass plates with adhesive resin
layers of low hygroscopicity such as commercially available
sheets of photo-curable adhesives, epoxy adhesives, silicone
adhesives, and crosslinking ethylene-vinyl acetate copoly-
mer adhesives. Instead of the glass plates, metal or plastic
plates may also be used.

Next, the organic layers provided 1n the EL device of the
invention are explained.

The light emitting layer has functions of injecting holes
and electrons, transporting them, and recombining holes and
clectrons to create excitons. For the light emitting layer, it 1s
preferable to use a relatively electronically neutral com-
pound.

The charge transporting layer has functions of facilitating
injection of holes from the anode, providing stable trans-
portation of holes and blocking electrons, and 1s often called
a hole 1njecting and transporting layer.

As occasion demands, for instance, when the ability of the
compound used for the light emitting layer to inject and
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transport electrons 1s not particularly high, an electron
injecting and transporting layer having functions of facili-
tating 1njection of electrons from the cathode, transporting
clectrons and blocking holes may be mterleaved between the
light emitting layer and the cathode, as already noted.

The hole 1njecting and transporting layer, and the electron
injecting and transporting layer are effective for increasing
the number of holes and electrons injected into the light
emitting layer and confining holes and electrons therein for
optimizing the recombination region to 1improve light emis-
sion efliciency.

It 1s to be noted that the hole injecting and transporting,
layer, and the electron injecting and transporting layer may
be each provided 1n the form of a separate 1njecting layer and
a separate transporting layer.

The thickness of the light emitting layer, the hole 1njecting,
and transporting layer, and the electron 1njecting and trans-
porting layer 1s not restricted and varies with a particular
formation technique although 1t 1s usually of the order of
preferably 5 to 1,000 nm, and especially 10 to 200 nm.

The thickness of the hole injecting and transporting layer,
and the electron 1njecting and transporting layer 1s equal to,
or about Y10 times to about 10 times as large as, that of the
light emitting layer although it depends on the design of the
recombination/light emitting region. When the electron or
hole 1njecting and transporting layer 1s separated into an
injecting layer and a transporting layer, 1t 1s preferable that
the 1njecting layer 1s at least 1 nm thick and the transporting
layer 1s at least 20 nm thick. The upper limit on thickness is
usually about 100 nm for the injecting layer and about 1,000
nm for the transporting layer. The same film thickness
applies when two 1njecting and transporting layers are
provided.

It 1s also possible to gain thickness control while taking
into consideration the carrier mobility, and carrier density
(determined depending on ionization potential, and electron
affinity) of the light emitting layer, electron injecting and
transporting layer, or hole 1njecting and transporting layer to
be combined, thereby designing freely the recombination
region, and light emitting region. This 1n turn makes 1t
possible to design the color of emitted light, to control the
light emission luminance and light emission spectra due to
the 1nterference effect between both electrodes, and to
control the spatial distribution of light emission.

In the organic EL device according to the invention, the
light emitting layer contains a fluorescent material that 1s a
compound capable of emitting light. The fluorescent mate-
rial used herein, for mstance, may be metal complex dyes
such as those disclosed in JP-A 63-264692, e.g., tris(8-
quinolinolato) aluminum (Alg®). In addition to or instead of
such a metal complex dye, use may be made of
quinacridone, coumarin, rubrene, and styryl dyes as well as
tetraphenyl-butadiene, anthracene, perylene, coronene, and
12-phthaloperinone derivatives. The light emitting layer
may also serve as an electron injecting and transporting
layer. In this case, it is preferable tc use tris(8-quinolinolato)
aluminum, etc. These fluorescence materials may be pro-
vided by evaporation.

For the electron mjecting and transporting layer which 1s
provided 1f necessary, use may be made of organic metal
complexes such as tris(8-quinolinolato)aluminum, oxadiaz-
ole derivatives, perylene derivatives, pyridine derivatives,
pyrimidine derivatives, quinoline derivatives, quinoxaline
derivative, diphenylquinone derivatives, and nitro-
substituted fluorene derivatives. The electron injecting and
transporting layer may also serve as a light emitting layer as
previously mentioned. In this case, 1t 1s preferable to use
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tris(8-quinolinolato)aluminum, etc. Like the light emitting
layer, the electron injecting and transporting layer may then
be formed by evaporation or the like.

Where the electron 1njecting and transporting layer 1s a
double-layered structure comprising an electron injecting
layer and an electron transporting layer, compounds are
selected 1n a preferably combination from the compounds
commonly used for electron injecting and transporting layer.
In this regard, it 1s preferred to laminate layer 1n such an
order that a compound layer having a greater electron
athinity 1s disposed contiguous to the cathode. This order of
lamination also applies where a plurality of electron inject-
ing and transporting layers are provided.

For the hole mjecting and transporting layer, use may be

made of various organic compounds as disclosed in JP-A’s
63-295695, 2-191694, 3-792, 5-234681, 5-239455,

5-299174, 7-126225, 7-126226 and 8-100172 and EP
0650955A1. Examples are tetraarylbenzidine compounds
(triaryldiamine or triphenyl-diamine (TPD)), aromatic ter-
tiary amines, hydrazone derivatives, carbazole derivatives,
triazole derivatives, imidazole derivatives, oxadiazole
derivatives having an amino group, and polythiophenes.
Where these compounds are used 1n combination of two or
more, they may be stacked as separate layers, or otherwise
mixed.

When the hole injecting and transporting layer 1s provided
as a separate hole injecting layer and a separate hole
transporting layer, two or more compounds are selected 1n a
preferable combination from the compounds already men-
tioned for the hole 1njecting and transporting layer. In this
regard, it 1s preferred to laminate layers in such an order that
a compound layer having a lower 1onization potential 1s
disposed contiguous to the anode (ITO, etc.). It is also
preferred to use a compound having good ability for forming
thin film at the anode surface. This order of lamination holds
for the provision of two or more hole injecting and trans-
porting layers, and 1s effective as well for lowering driving
voltage and preventing the occurrence of current leakage
and the appearance and growth of dark spots. Since evapo-
ration 1s utilized 1in the manufacture of devices, films as thin
as about 1 to 10 nm can be formed in a umiform and
pinhole-free state, which restrains any change 1n color tone
of light emission and a drop of efficiency by re-absorption
even 1f a compound having a low 1onization potential and
absorption 1n the visible range 1s used 1n the hole 1njecting,
layer.

For the provision of the hole 1njecting and transporting
layer, the aforesaid compound may be provided by evapo-
ration as 1n the case of the light emitting layer, etc.

Preferably, the material and thickness of the transparent
clectrode used as the anode 1n the invention are determined
such that at least 80% of light emission 1s transmitted by the
anode. More specifically, materials such as tin-doped indium
oxide (ITO), zinc-doped indium oxide (IZO), SnO,, and
dopant-doped polypyrrole are preferably used for the anode.
Anode thickness 1s preferably of the order of 10 to 500 nm.
To 1improve the reliability of the device, the driving voltage
must be low. From this perspective, I'TOs of 10 to 30 £2/
(film thickness: 50 to 300 nm) are preferable. In actual
applications, the thickness and optical constant of the anode
may be determined such that the efficiency of taking out
light emission and color purity are well satisfied by the
interference elfect due to reflection at the interface of the
anode of I'TO or the like.

Preferably, a large device such as a display device i1s
interconnected with aluminum or other metal because the
resistance of an I'TO or other anode 1s increased, resulting in
a voltage drop.
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For the substrate material, transparent or translucent
materials such as glass, quartz, and resins are used when the
emitted light 1s taken out of the substrate side. The substrate
may be provided with a color filter film, fluorescent
material-containing color conversion film or dielectric
reflecting film for controlling the color of light emission.

For the color filter film, a color filter used with liquid
crystal display devices may be used. However, it 1s prefer-
able to control the properties of the color filter in conformity
to the light emitted from the organic EL device, thereby
optimizing the efficiency of taking out light emission and
color purity.

By using a color filter capable of cutting off extraneous
light of such short wavelength as absorbed by the EL device
material or the fluorescent conversion layer, it 1s possible to
improve the light resistance of the device and the contrast of
what 1s displayed on the device.

Instead of the color filter, an optical thin film such as a
dielectric multilayer film may be used.

The fluorescent substance-containing color conversion
f1lm absorbs light emitted from an EL device and gives out
light from the phosphors contained therein for the color
conversion of light emission, and 1s composed of three
components, a binder, a fluorescent material and a light
absorbing material.

In the practice of the invention, it 1s basically preferable
to use a fluorescent material having high fluorescent quan-
tum efficiency, and especially a fluorescent material having
strong absorption 1 an EL light emission wavelength
region. Laser dyes are suitable for the practice of the
invention. To this end, for instance, it 1s preferable to use
rohodamine compounds, perylene compounds, cyanine
compounds, phthalocyanine compounds (including subph-
thalocyanine compounds, etc.), naphthaloimide compounds,
fused cyclic hydrocarbon compounds, fused heterocyclic
compounds, styryl compounds, and coumarin compounds.

For the binder, 1t 1s basically preferable to make an
appropriate selection from materials that do not extinguish
fluorescence. It 1s particularly preferable to use a material
that can be finely patterned by photolithography, printing or
the like. It 1s also preferable to use a material that 1s not
damaged during ITO film formation.

The light absorbing material 1s used when light 1s not tully
absorbed by the fluorescent material, and so may be dis-
pensed with, if not required. For the light absorbing material,
it 1s preferable to make a selection from materials that do not
extinguish fluorescence.

To form the hole injecting and transporting layer, the light
emitting layer and the electron injecting and transporting
layer, 1t 1s preferable to use a vacuum evaporation technique
which allows to obtain a homogeneous thin film. According,
to the vacuum evaporation process, 1t 1s possible to obtain
homogeneous thin films in an amorphous state or with a
crystal grain diameter of at most 0.1 um. The use of a thin
f1lm having a crystal grain diameter exceeding 0.1 um results
in non-uniform light emission. To avoid this, it 1s required to
increase the driving voltage of the device; however, there 1s
a striking drop of charge 1njection efficiency.

No particular limitation i1s 1imposed on vacuum evapora-
tion conditions. However, an evaporation rate of the order of
0.01 to 1 nm/sec. 1s preferably applied at a degree of vacuum
of up to 10" Pa. It is also preferable to form the layers
continuously 1n vacuum. If the layers are continuously
formed 1n vacuum, high properties are then obtained
because the adsorption of 1mpurities on the interface
between the adjacent layers can be avoided. Furthermore,
the driving voltage of the device can be lowered while the
orowth and occurrence of dark spots are inhibited.
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When the vacuum evaporation process 1s used to form the
layers, each containing a plurality of compounds, it 1is
preferable to carry out co-evaporation while boats charged
with the compounds are individually placed under tempera-
ture control.

The organic EL device of the invention 1s generally of the
DC drive type while 1t may be of the AC or pulse drive type.
The applied voltage 1s generally of the order of 2 to 20 volts.

EXAMPLE

The present mvention are explained more specifically
with reference to some examples and comparative examples.

Example 1

A glass substrate having a 200 nm-thick patterned ITO
transparent electrode prepared by a sputtering process was
ultrasonically washed with neutral detergent, acetone, and
ethanol, and then pulled up from boiling ethanol, followed
by drying. This transparent electrode was cleaned on its
surface with UV/Q,, after which the substrate was fixed to
a substrate holder 1n a vacuum evaporation system, which
was evacuated to a vacuum of 1x10™* Pa or lower.

While the vacuum was maintained, N,N'-diphenyl-N,N'-
m-tolyl-4,4'-diamino-1,1'-biphenyl (TPD) was evaporated at
a deposition rate of 0.2 nm/sec. to a thickness of 55 nm to
form a hole injecting and transporting layer.

With the vacuum still kept, Alq® or tris(8-quinolinolato)
aluminum was evaporated at a deposition rate of 0.2 nm/sec.
to a thickness of 50 nm to form a light emitting and electron
Injecting/transporting layer.

With the vacuum still kept, this EL device structure
substrate was then transferred from the vacuum evaporation
system to a sputtering system wherein DC sputtering was
carried using an Na.Ni alloy (Na: 10 at %) as a target to form
a cathode of 200 nm in thickness. Ar was used as the
sputtering gas at a gas pressure of 3.5 Pa, and a target-to-

substance distance (Ts) of 9.0 cm. The target size was 4
inches 1n diameter, and 1nput power to the target was 100 W.

Finally, S10, was sputtered to a thickness of 200 m to
provide a protective layer, thereby assembling an organic EL
light emitting device. This organic EL light emitting device
comprised 8x2=16 picture elements or pixels, each of 2x2
mm, constructed by arranging two parallel striped cathodes
perpendicularly with respect to 8 parallel striped anodes and
disposing the pixels at an mnterval of 2 mm.

DC voltage was applied across this organic thin film light
emitting device 1n an N, atmosphere for i1ts continuous
driving at a constant current density of 10 mA/cm”. In the
initial stage, the device was found to emit green light of 350
cd/m* (light emission maximum wavelength Amax=520 nm)
at 9 V. The half life of luminance was 800 hours, during,
which a driving voltage increase of 2 V was observed.

The obtained organic EL devices were investigated
regarding the initial light emission luminance of 160 pixels
corresponding to 10 devices. Set out 1in Table 1 are the mnitial
average light emission luminance, the halt-life of light
emission, and the occurrence of dark spots (after the lapse of
200 hours from the initiation of light emission). The occur-
rence ol dark spots was estimated according to the following
criteria.
©®: No dark spot was found at all.

O: At most two dark spots were found in a 10 mm~ area on
the light emitting surface.

X: Three or more dark spots were found in a 10 mm?® area
on the light emitting surface.
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The results are also shown 1n Table 1.

Example 2

An organic EL device was prepared by forming a cathode
of 200 nm 1n thickness as in Example 1. However, the binary
sputtering targets used were an Na.Ni target and an Al.Ta

target (Ta: 2 at %), and the input power was changed with
fime from DC 100 to O W for the Na.Ni target, and from DC
0 to 500 W for the Al.Ta target.

Observation of the composition of the formed cathode
film showed that much Na is present on the interface at
which the cathode film 1s contiguous to the organic layer,
with the concentration of Na decreasing gradually m the
thickness-wise direction. Here, let Co represent the concen-
fration of Na across a sectional portion of the cathode
extending from the interface between the organic layer and
the side of the cathode not opposite thereto to the position
corresponding to one-third of the cathode thickness, and Ci
denote the concentration of Na across a sectional portion of
the cathode extending from the interface between the
organic layer and the cathode to the position corresponding
to one-third of the cathode thickness. In this example, Co/Ci
was 0.04 at 9%/0.5 at % with an average composition rate of
0.08. On the other hand, this organic EL device was esti-
mated as 1n Example 1. As a result, 1t was found that the
half-life of light emission increased to 1,000 hours, and that
degradation of the cathode can be avoided due to the
presence of the Na element having a concentration gradient.
The results are shown 1n Table 1.

Example 3

An organic EL device was obtained as in Example 1,
using Na.Ni, and Al.'Ta targets as 1n Example 1. In this
example, however, the Al.Ta target was used to laminate an
Al.Ta thin film of 150 nm 1n thickness laminated on a 50 nm

thick cathode formed using the Na.Ni target as in Example
1.

This organic EL device was estimated as in Example 1. As
a result, 1t was found that the 1nitial driving voltage drops to

8.5 V, and the half-life of light emission increases to 1,000
hours. The results are shown 1n Table 1.

Example 4

An organic EL device was formed as 1n Example 1 with
the exception that the sputtering gas was changed to Kr, and
sputtering was carried out at a gas pressure of 3.0 Pa and a
target-to-substrate distance (Ts) of 9.0 cm. The obtained

organic EL device was estimated as in Example 1. The
results are shown 1n Table 1.

Example 5

An organic EL device was formed as in Example 1 with
the exception that the sputtering gas was changed to Xe, and
sputtering was carried out at a gas pressure of 2.5 Pa and a
target-to-substrate distance (Ts) of 9.0 cm. The obtained
organic ELL device was estimated as in Example 1. The
results are shown 1n Table 1.

Example 6

An organic EL device was formed as in Example 1 with
the exception that the film forming gas pressure was
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changed to 2.5 Pa with a Ts of 9.0 cm. The obtained organic
EL device was estimated as in Example 1. The results are
shown 1n Table 1.

Example 7

An organic EL device was formed as 1n Example 1 with
the exception that the film forming gas pressure was
changed to 6.0 Pa with a Ts of 9.0 cm. The obtained organic
EL device was estimated as in Example 1. The results are
shown 1n Table 1.

Example 8

An organic EL device was formed as 1n Example 1 with
the exception that the film forming gas pressure and Ts were
changed to 8.0 Pa and 5.0 cm, respectively. The obtained
organic ELL device was estimated as in Example 1. The
results are shown 1n Table 1.

Example 9

An organic EL device was formed as in Example 1 with
the exception that the film forming gas pressure and Ts were
changed to 12 Pa and 5.0 cm, respectively. The obtained
organic EL device was estimated as in Example 1. The
results are shown 1n Table 1.

Example 10

An organic EL device was formed as 1n Example 1 with
the exception that the film forming gas pressure and Ts were
changed to 8.0 Pa and 7.5 cm, respectively. The obtained

organic ELL device was estimated as in Example 1. The
results are shown 1n Table 1.

Example 11

An organic EL device was formed as 1n Example 1 with
the exception that the film forming gas pressure and Ts were
changed to 2.5 Pa and 15 cm, respectively. The obtained
organic ELL device was estimated as in Example 1. The
results are shown in Table 1.

Example 12

Organic EL devices were formed as in Example 1 with the
the Na.Ni target (Na: 10 at %) was replaced
by the following targets.

Na.Ag (Na: 10 at %), Na.Au (Na: 10 at %),
Na.Co (Na: 10 at %), Na.Cr (Na: 10 at %),
Na.Cu (Na: 10 at %), Na.Fe (Na: 10 at %),

Na.Ir (Na: 10 at %), Na.LLa (Na: 10 at %),
Na.Mo (Na: 10 at %), Na.Nb (Na: 10 at %),

exception that

Na.Os (Na: 10 at %), Na.Pd (Na: 10 at %),
Na.Po (Na: 10 at %), Na.Rb (Na: 10 at %),
Na.Re (Na: 10 at %), Na.Rh (Na: 10 at %),

Na.Ru (Na: 10 at %),
Na.Th (Na: 10 at %), Na.W (Na: 10 at %),
Na.Zn (Na: 10 at %), Na.Pt (Na: 10 at %)
K.Ag (K: 10 at %), K.Au (K: 10 at %),

Na.Ta (Na: 10 at %),
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K.Co (K: 10 at %), K.Cr (K: 10 at %),
K.Cu (K: 10 at %), K.Fe (K: 10 at %),
K.Ir (K: 10 at %), K.La (K: 10 at %),
K.Mo (K: 10 at %), K.Nb (K: 10 at %),
K.Ni1 (K: 10 at %), K.Os (K: 10 at %),
K.Pd (K: 10 at %), K.Po (K: 10 at %),
K.Rb (K: 10 at %), K.Re (K: 10 at %),
K.Rh (K: 10 at %), K.Ru (K: 10 at %),
K.Ta (K: 10 at %), K.Th (K: 10 at %),
KW (K: 10 at %), K.Zn (K: 10 at %),
K.Pt (K: 10 at %)

The obtained organic EL devices were estimated as in
Example 1. As a result, similar results as in Example 1 were
obtained for each organic EL device.

Comparative Example 1

An organic EL device was obtained as in Example 1 with
the exception that a pure N1 target was used 1n place of the
Na.N1 target.

DC voltage was applied across the obtained device 1n an
N, atmosphere for its continuous driving at a constant

Gas

Sputtering  Pressure I8
Gas (Pa) (cm)
Example 1 At 3.5 9.0
Example 2 Ar 3.5 9.0
Example 3 Ar 3.5 9.0
Example 4 Ar 3.0 9.0
Example 5 Xe 2.5 9.0
Example 6 At 2.5 9.0
Example 7 Ar 0.0 9.0
Example 8 At 8.0 5.0
Example 9 Ar 12 5.0
Example 10 At 8.0 7.5

Example 11 Ar 2.5 15
Comp. Ex. 1 At 4.5 9.0
Comp. Ex. 2 Ar 1.0 9.0
Comp. Ex. 3 Ar 12 9.0
Comp. Ex. 4 At 1.0 5.0

current density of 10 mA/cm”. Initially, the device was
found to emit green light of 80 cd/m” (light emission
maximum wavelength Amax=520 nm) at 10 V, which was
much lower than the initial light emission luminance
obtained 1n Example 1. The half-life of luminance was 400
hours, during which a driving voltage increase of 4 V was
observed.

This organic EL device was estimated as in Example 1.
The results are shown 1n Table 1.

Comparative Example 2

An organic EL device was formed as in Example 1 with
the exception that the gas pressure was changed to 1.0 Pa.
The obtained organic EL device was estimated as 1n
Example 1. As a result, the mitial light emission luminance
was too low for 1ts precise measurement. The occurrence of
dark spots could not be estimated because of too low
luminance. The results are shown 1n Table 1.

Comparative Example 3

An organic EL device was formed as in Example 1 with
the exception that the gas pressure was changed to 12 Pa.
The obtaimned organic EL device was estimated as in
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Example 1. As a result, the 1nitial light emission luminance
was too low for its precise measurement. The occurrence of
dark spots could not be estimated because of too low
luminance. The results are shown 1n Table 1.

Comparative Example 4

An organic EL device was formed as in Example 1 with
the exception that the gas pressure and Ts were changed to
1.0 Pa and 5.0 cm, respectively. The obtained organic EL
device was estimated as 1n Example 1. As a result, the mitial
light emission luminance was too low for its precise mea-
surement. The occurrence of dark spots could not be esti-

mated because of too low luminance. The results are shown
in Table 1.

TABLE 1
(Gas Halt-Life of
Luminance

(h)

g800
1000
1000
s00
750
s00
800
750
750
700
750
400
300
300
290

Average Light
Emission LL.uminance

(cd/m”)

Driving
Voltage
(V)

9.0
9.0
8.5
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
10.0
10.0
11.0
11.0

Dark

1s Spots

350
350
350
345
340
350
340
345
340
340
345

&80
<4()
<4{)
<4{)

M HHx (9o o (9o o ()

According to the present invention, 1t 1s possible to
achieve an organic EL device comprising a cathode which 1s
improved 1n terms of its interfacial adhesion to an organic
layer and electron injection efficiency, and so makes a
contribution to 1mprovements 1n light emission properties
and causes less damage to the organic layer, and which
reduces the occurrence of dark spots and suffers from little
or no degradation of performance.

Japanese Patent Application No. 194810/1997 1s herein
incorporated by reference.

While the invention has been described with reference to
preferred embodiments, 1t will be obvious to those skilled 1n
the art that various changes may be made and equivalents
may be substituted for elements thereof without departing
from the scope of the mvention. In addition, many modifi-
cations may be made to adapt a particular situation or
material to the teachings of the imnvention without departing
from the essential scope thereof. Therefore, it 1s intended
that the invention not be limited to the particular embodi-
ments disclosed as the best ode contemplated for carrying
out the i1nvention, but that the mvention will include all
embodiments falling within the scope of the appended
claims.
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What we claim 1s:
1. An organic electroluminescent device comprising and

anode and an organic layer and cathode,

said cathode prepared by a sputtering technique, and
formed of an alloy containing 1 to 60 at % of sodium,
potassium or sodium and potassium.

2. The organic electroluminescent device according to

claim 1, wheremn said cathode has a concentration gradient
in a thickness-wise direction thereof, said concentration
oradient having a higher concentration of sodium, potassium
or sodium and potassium on an interface side between said
cathode and said organic layer.

3. The organic electroluminescent device according to
claim 1, wherein said cathode further comprises an alumi-
num alloy layer composed mainly of aluminum on a side
opposite to said organic layer.

4. The organic electroluminescent device according to
claim 1, wherein said alloy 1s an alloy of sodium, potassium
or sodium and potassium with at least one element selected
from a group consisting of a ftransition metal element,
aluminum, gallium, indium, and titanium.

5. The organic electroluminescent device according to
claim 4, wherein said transition metal element 1s chromium,
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iron, cobalt, nickel, copper, zinc, rubidium, niobium,
molybdenum, ruthenium, rhodium, palladium, silver,
lanthanum, tantalum, tungsten, rhentum, osmium, iridium,
platinum, gold, polonium, and thorium.

6. The organic electroluminescent device according to
claim 3, wherein said aluminum alloy layer having an
aluminum content of at least 80 at %.

7. The organic electroluminescent device according to
claim 2, wherein said cathode has a concentration gradient
in the Co/C1 range of at most 0.5.

8. An organic electroluminescent device comprising and
anode and an organic layer and cathode,

said cathode prepared by a sputtering technique, and
formed of an alloy containing 1 to 60 at % of sodium,
potassium or sodium and potassium with the balance
being at least one element selected from the group
consisting of chromium, 1ron, cobalt, nickel, copper,
zinc, rubidium, niobium, molybdenum, ruthenium,
rhodium, palladium, silver, lanthanum, tantalum,
tungsten, rhenium, osmium, iridium, platinum, gold,
polonium, thorium, aluminum, gallium, indium and
titanium.
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